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MTDC^ HO1M4/08 
mOKCHJI, MAPFAHUJO JJ^JUl KATOAIB JnTIGBHX ^ptCEPEJI CTPVMy 

BHHaxifl BiflHOCHTBca flo xiMiHHHx flacepcji cxpyMy, a cajsie, xiMiHHHX 
A»cepeji cxpyMy 3 jiixieBHM anoflOM, hcbo^^hkm ejicKxpojiiTOM b aKHx b aKocxi 

aKTHBHOl KaXO/tHOl peHOBHHH BHKOpHCTOByCXBCH ^^HOKCH^t Mapranmo. 

^HOKCHfl MapraHipo b jiixieBnx ^acepejiax cxpyMy BmcopHcxoByioxB hk 

aKXHBHHH KEXOOTHH MaXCpiaJI n^O e BV^HOCHO HCflOpOrHM Xa eKOJIOriHHO HHCXHM 

MaxepiajioM. 

ripH BHSHaHeHHHx yMOBax CHHxesy i o6po6KH ^hokcha Mapranmo Mae BHCOKy 
cxa6ijiBHicxB cjieKxpoxiMiHHHx xapaKxepHCXHK. flocjiia»:eHHa AHOKCHfly Mapranmo 
pisHoro renesHcy noKasyioxB, mo Kaxo^H na fioro ocHOBi Mo^yxB MaxH bhcokI 
nnxoMi xapaKxepHcxHKH hk b nepBHHHHX, xaK i BiaHOBjnoBaHHx A»:epejiax cxpyMy . 

BiflOMHH flHOKCHfl MapraHmo flfla. JiixiesHx A^^epeji cxpyMy 3 nepBHrnioio 
pospflAHOK) eMHicxK) 140 MAr/r ( b pospaxyHKy na Kaxo^Hy penoBKHy) sKa 
SHimyexBca flo 90 MAr/r na 300 miKJii /"A 3 volt lithium manganese oxide cathode 
for rechargeable lithium batteries/Huang Haitao, Bruce Peter G. // J. Electrochem. 
SOC..-1994/-141. #7.-CL76-L77/, 

BiAOMHH xaKoac ahokcha Mapranmo 3 nepBHHHoio cMHicxio 150 uAn/r si 
SHH^KOK) npH ^HKJ[yBaHHi AO 90MAr/r /«HccjieAOBaHHe JiHXHpoBaHHBix okchaob 
Map^aH^a, KaK MaxepnajioB ajm nepesapHMcaeMoro KaTo^a jihthcbbix XHT», rno6a 
H.H., lUeMdejiB E.M.,CxpH3KKo A.C. Tcs.aokji.S CoBem.no JinxHBeBiM HcxoHHHKaM 
xoKa, EKaxHpeH6ypr,4-7 OKxaSpa, 1994.- C.6). 

HcAOJiiKOM BKasaHHx MaxepiajiiB e nnsBKa nepBHHHa poapaAHa cMiricxB a 
xaKo^c HecxaSiABHicxB xapaKxepHcxHK A:acepejia cxpyMy npH ^HKJIyBaHHi. 

BiAOMHH eneKipoxiMiHHHH mcxoa cHxesy AHOKCHAy Mapranmo 3 BOAHoro 
eACKxpoAixy na anoAi. OxpHMannn xaKHM mcxoaom cnnxesy ahokcha Mapranmo 
BHKopncxoByexBCH HK KaxoAHa peHOBHna b xiMinnnx A^epejiax cxpyMy 3 
cAeKxponixaMH na ochobI coaIb xa Ayris xa anoAOM na ocnoBi ^HHKy. OxpHMannii 



encKTpoxiMiHHHM CHHxesoM moKcnji, Mapranmo BHKopHCTOByexBca xaKosK hk 
Kaxofl i B Aacepejiax cxpyaiy 3 HeBOAHHM ejicKxpojiixoM i JiixiesHM saoAOU. 

He^^ojiiKOM eneKipoxiMiHHo CHHxesoBaHHoro ^HOKCHfly Maprani^Eo £ iioro 
HHSbKa HacmiHa sara. B pesyjitxaxi i^toro KaxoflH Ha ocHosi ejieKxpoxiMWHo 
CHHxesoBaHHoro ^HOKCHAy MapraHAK) Maioxb hhsbiq nHXOMi po3pflAHi o6'eMHi 
xapaKxepHcxHKH BHpa^em y uAr/ CM^ JIk pesyjitxax, xiMrani fl^epejia cxpyMy, b 
«KHK BHKOpHCXOByiOXBCH Kaxo^tH Ha ocHosi ejieKxpoxiMiHHO CHHxesoBaHHoro 
OTOKCHfly Mapranmo, xaKo» MaioTi. HHStici oS'e&mi pospaflHi xapaKxepHcxmcH. 

Haaeijitm 6jih3bkhm ao BHHaxo^, mo saaBJiaextca, e xiMiHHHH moKcujj, 
Mapranmo, oxpHMaHHH oKHCJieHHaM nixpaxy Map^aH^IO xjiopaxoM naxpiio b 
cepe;^oBHmi 30-32% posHHHy asoxHoi" khcjioxh npH xeMnepaxypi 85-90*'C c 
HacxyirauM Bi^^oKpeMneHHSM, npoMHBKOio xa cyniKoio oxpHManoro ocaay npn 105- 
1 10°C . (a.c. CCCP 1347353 ox 10.09.85; MKH COIG 45/02.). 

HeAOJiiKOM npo;tyKxy, mo oxpHMyioxb no npHBCAeHHOMy npHKJiaay, e: 

He^pa^e3AaxHicxB b jiixicBHX fl^epejiax cxpyMy sa paxynoK HaasHocxi 
KpHcxaJIi3a^iHHOl bojiofh flo 5% aKa He Bi^toKpcMJnoexBca npH 
BKa3aHHx yMOBax 

HH3BKHH BmIcX EKXHSHOi" peHOBHHH ( 90-92%) 

HH3BKa HacHHHa Bara npoAyKxy, He 6ijiBm 2,3-2,4 kT /m^ 

HHSBKa ejicKiponpoBiflHicTB npoflyKxy, HKa He nepesHmye 3.0 Cm/m, 

BHMipaHa CXpyMOBHXpOBHM MeXOfllOM. 

3a;?aHeio flaHHoro BHHaxofly e aKicne niflBHmeHHa xapaKxepHcxHK AHOKCH^y 
Mapranmo, mo sadesnenyioxB bhcokI cxa6ijiBHi ejieKxpoxiMinni xapaKxepncxHKH 
flacepejia cxpyMy na Horo ochobI. 

nocxaBJiena 3a;^aqa BHpimyexBca xhm, mo y sanponoHOBanoMy jmoKcm 
Mapranmo, oxpHManoMy nuiaxoM oKHCJieHHa nixpaxy Mapranmo xjiopaxoM naipiio 
K0H^eHxpa^iIo asoxHoi khcjioxh npH cHHxesi smIhioioxb Bi^ 38-44% na nonaxKy 
^po^ecy ^o 23-26 b Kinm ^po^ecy, HacHHHa Bara ^opiBraoe 2,5-2,9 vr/m^ s 
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iHTerpajiBHHM poano^^ijioM nacTOK no posMipy b inxepBajii 1- 3 ao 60-70 mkm. 
CniBBiAHoineHHfl HacHiraoi Bara (kf/ W) flo iihtomoi noBepxHi (m>) flHOKciwy 
Mapranmo SHaxoflHTtca b iirrepBajii 0.08-0.4. Macosa flojia MnOz Aopifimoe 94.0- 
96.0% , e4>eKTHBHa ejieKrponpoBiflHicTb nopoiiiKy, BHMipana 3 BHKopHCTaHiMM 
Mexofly cxpyMOBHxpoBoro KOHTpojno npn 120 K^^ He Menm niac 3,4 Cm/c. 

KpiM Toro, TepMoo6po6Ky npoflyKxy npoBOAari, npn xeMnepaxypi 240-320°C 
B noBixpaHiH aTMoc4)epi. 

SaaBJieni KiH^eBi xapaKTepHcnncH oSyMOBJiem HacTyiiHHM: 

1. ITpH HacHiiHiH Basi moKomy Mapranmo Menm mac 2,5 kt/pm^ i 

cniBBi;^HoineHHi HacnnHoi Bara ^o hhtomoi noBepxHi Menm ni^ 0.08 

npoaBJiaioTBca Hacxynm HeraraBHi e^jCKTH: 

- KaxoAHa Maca Mae niijiBHicxt Menme Hm 2Kr/;tM^, 

- MaKpocxpyKxypa eneKxpo^y 4»opMyexBca xaKHM hhhom, mo SHimyexBca 
nepBHHHa pospfl^Ha eMHicxB. Hpn xaKm MaKpocxpyKiypi ejieKxpo^y xaKo^ He 
Momsa Bi^iHOBjnoBajiBHa poSoxa a^epejia cxpyMy, xoMy, nio He ^^ocaraxBca 
e4>eKXHBHHH sap^ Kaxo^y. ^e npHSBOflHXB ro pisKoro SHH^eHHH pospaAHoi 
eMHocxi ;t»cepejia cxpyMy npn imKJiyBaHHi. 

2. npH HacHnniH Basi moKcuffy Mapranmo 6ijiBin 2.9 kt/^m^ i 

cniBBiAHomeHHi HacHiraoi Barn ao nnxoMoi noBepxni 6ijiBm 0,4 nposBJimoxBca 
Hacxynni HeraxHBHi e^cKXH: 

- KaxoflHa Maca norano rpanyjiioexBca, mo ne flosBOJiae BHroxoBHiH aidcHHg 
KaxoA, a xa^o^ jj^epQiio cxpyMy Ha fioro ochobI 3 BHKopHcxaHHaM Bi^oMHx 
MexofliB. 

3. npH MacoBiii flojii AHOKc^z^y Mapranmo Menni nm 94% i eJieKxponpoBWHocii 
MCHm Hi» 3.4CM/M npoaBJiaioxBca Hacxynm HeraxHBni e^ejcm sa paxynoK ne 
Bn;^aJIeHHfl KpHcxajiisamnnoi BOJiorn 3 npo^yKxy i nepeBa^noro snaxoAJKeHna b 
KiH^eBifi penoBHHi MOAH4)iKa^i■^ y-Mn02 
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- SHHSKCHHa nepBHHHoi* pospa^Hoi" cMHocxi Kaxofly 

- pisKe 3HH»ceHHa a^^axHOCTi Kaxo^y ^HIaIyBaHHH 

3HH>KeHHfl pisHs pospflflHoY HHnpyrH 

4. npH MacoBiH jiom moKcuffy Mapranmo 6ijiBin hImc 96% npoaBJiaroxtca 
HacxynHi neraxHEHi e^evrm sa paxynoK nepexoAy npo^Kxy b nacHBHy P- MnOz 
Mo^(H4)iKai;iio. 

- 3HH»ceHH« nepBHHHoi pospHOToi CMHocxi Kaxofly 

- pisKe SHimeHHfl 3fl;axHocxi Kaxo;^y i^HKJiyBaHHfl 
SanponoHOBaHHH b flanoMy BHHaxo^u Mexofl CHHxesy ^noKCHfly Mapranmo npn 

3MiHi KOH^eHxpa^il asoxHoi khcjioxh Bm 38-44% na nonaxKy ^po^ecy cHHxe3y flo 
23-26% B KiH^i IIpo^ecy cHHxesy i HacTynHHM pe^HMOM TepMoo6po6KH ;?03B0JMe 
oxpHMysaxH npo^yKx - nopomoK flHOKCH^cy Mapranmo 3 mxerpajiBHHM posnoflijiOM 
HacxoK Bip, 1-3 no 60-70 mkm, cniBBiflHomeHHaM HacHnnoi sara b ( kfW) 
nHxoMoi noBepxHi (uVf) AHOKCEwy Mapranmo b Me^ax 0.08-0.40, Kom?eHxpameio 
OTOKCHfly Mapranmo 94-96%, 3 e4»eKXHBHoio ejieKiponpoBiflmcxio nopoiiiKy 
OTOKCHfly Mapranmo, saMipanoio MeTo;^OM cxpyMosnxpoBoro Konxpojno npn 
Hacxoxi 120 M^^ ne Menme 3,4 Cm/m, mo saSesnenye bhcokI pospamii 
xapaKxepncxHKH WKQpeJia CTpyMy 3 Kaxo^OM na noro ocnoBi, 
XIpHKnayO; 1 

B xHxaHOBHH peaKTop 06'eMOM flo nepexoKy 1 ^m' 3 MexaninnHM SMimyBaneM 
sajiHBaioxB 0.4-0.8;pi^ a30THoi khcjioxh 3 KOH^enxpani€Io 38-44 % i flosyioxi. 
P03HHH Hixpaxy Mapranmo npn xeMnepaxypi SO-IOO^C. PeaKmHny cyMim, mo 
yxpHMye XBep^HH moKcm Mapranmo, nepes nepexoK BiflBOAflxi. b OKpeMy CMKicxB 
i BiA4)ijiBxpoByioxB. ^po^ec Bm4)ijiBxpoByBanHa npoBOflaxB ao flocaraennH 
Kora^enxpami- asoraoi khcjioxh b peaK^ii^Hii^ cyMimi piBnin 23-26%. 
BiA4)inBxpoBaHHHa iipoAyKx npoMHBaioTB i neHipajiisyioxB Bip, 3ajiHmKiB asoxnoi' 
KHCJIOXH xa cymaxB npn 105.140°C. Hpn «BOMy Hacrnina Bara oipHMannoro 
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nopoimcy CKJia^ae 2,5-2,9 JsT/m^ npn iHxerpajibHOMy posno^tijiy nacxoK no po3Mipy 
Bifl 1-3 flo 60-70 MKM. 

npHKJiaja; 2 

OxpHMaHHH no npHKJiafly 1 ahokcha Mapranmo niAflaiOTB noflajiBniiM 
xepMiHHiH o6po6^i npa xeMnepaxypi 240-320*C flo oxpnMaHHa BMicxy moKCHjiy 
Mapranmo 94-96%. IIpH qtoMy e^jeKXHBna ejieKxponpoBiflnicxB nopouiKy, 
BHMipHHa MexoflOM cxpyMOBHxpoBoro KOHxpojiio npH Hacxoxi 120 M^^ (MTIK' 
GOIN 27/02,27/06,27/22 54354A ony6n. 17.02.03. Bk)ji.J^o 2 ) CKJiaflae ne 

Mennie 3.4Cm/m. 

ripHKJiafl 3 

OxpHMaHHH ;^HOKc^^ Mapranmo SMiniyioxt 3 eneKxponpoBi^noio flo6aBKOK) b 
BHrjWAi cyMimi ca»ci xa rpa4)ixy s mm^anu^ cnojiynnHoro 4)xopnjiacxoBoi 
cycnensii" a6o nB;];<D. OxpHMany Kaxoflny Macy nanocHXB na cxpyMosniMan b 
BHrjiHfli cixKH a6o ^ojibra is cxajii, ajnoMiniio a6o xnxaHy. mijiBnicxE Kaxoflnoi 
MacH nicjia BHroxoBJienna cKJiaflae 2,7-2,9 r/cM^. 

BHroxoBJieHHH Kaxofl Mo»ce 6yxH BHKopHcxannHM b nepsHnnax a6o 
BxopHHHHx JiixieBHX fl^cpenax cxpyMy. l^e bhaho 3 Haciynnoro npnicjiafly. 
npHKJia;[j; 4. 

BHroxoBJiennHH sri^no npHKJiafly 3 Kaxofl nicjw BHCHxanna posMimyioxB b 
neBOflHOMy ejicKxpojiixi b AKOMy ^poBo;^axB BHnpo6yBaHHa Kaxo^ 3 
BHMipioBaHHHM po3pa;oinoi cmhocxi xa pospaflnoi* Hanpyra. 

BHMipH npoBOflflXB B 3-x ejieKxpoOTifi KOMipm, po6oHHM ejieicrpoflOM b siidu e 
Kaxofl na ochobI flnoKCHfly Mapranmo, BnroxoBJiennoro sriflno saasjienoro 
BHHaxofly, a flonoMiacnHM ejieKxpoflOM xa ejieKXpoflOM nopiBnanna e JiixicBi 
ejieKxpo^H. 

npH pospa^i Kaxofly pospa^na CMnicxB na nepmoMy ^HKJIi cxanoBHiTb 270 
MAr/r, anpHpospaflinaflpyroMyxaHaciynnHx 80^HKJIax 170-145 MAr/r. 
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^ BHflHo is HaBe;];eHHHX npHKJia/^iB, ahokcha Mapranmo 3 BKasBHHHMH 
xapaKxepHCTHKaMH flosBOJiae OTpHMyBaxH TexHiHHHH peayjitTaT, mo EpoHBJiaexBca 
B flocflrneHHi bhcokhx pospjmHHX xapaKxepHCXHK nepBHHHoro xa BiflHOBJUOBaHoro 
MM&peJi8L cxpyMy 3 HeBOAHHM ejieKxpojiixoM. 



Ta6jiHii;fl 2 



TeMnepaxypa 

TOpMOo6po6KH 


PeHxreHo^asoBHH 


BmIct 

JSfLOKCKffy 

MapraHipo 

(%) 


riHXOMa 

CMHicXB 
1 DiHKJiy, 

MAr/r 


rbrroMa CMHicxB 
npH iiHKJiyBaHHi, 
MAr/r 


200 


y- Mn02 


94 


240 


150 


250 


Y, P - MnOs 


95 


270 


180 


300 


Y, P - Mn02 


95 


270 


180 


350 


P-Mn02 


94 


230 


120 




1. ^OKCH^ MapraHOK) jiim Kaxo^iy si^tHOBJiiOBajifcHoro JiixieBoro 
aKyMyjMTopy, oTpHMaHHHH nuiaxoM oKHCJieHHa Hixpaiy Mapranipo xjiopaxoM 
HaTpiio B cepe^toBHmi asoTHoi" khcjioth npn HarpiBaHHi 3 HacryiraHM 
Bi^ioKpeMneHHflM Bi^ peaKii;ifiHoi cyMimi i TepMoo6po6Koio, Bi^pisHHeTbca thm, mo 
KOH^eHTpa^iK> aaoTHOi khcjioth b ^po^eci CHHTesy smIhioiotb bIa 38-44% na 
nonaxKy cHHxesy p.o 23-26% b KiH^i CHHxesy. HacHnna Bara ^moKcimy MapraHipo 
CKuaflae 2,5-2,9 kT/am^ 3 iHxerpajiBHHM po3noflijiOM nacxoK no posMipy b mxepsajii 
Bip, 1-3 jio 60-70 MKM, a fioro e4)eKXHBHa ejieKxponpoBi;];Hicxi. He Mennie 3.4Cm/m 

2. ^HOKCH/i; Mapranmo 3an.lBifl;pi3Haexbca thm, mo cniBBiflHomeHHa 
HacHnnoi Barn b ( kT/am^) po nHTOMoi noBepxni (m^/f) ^HOKCHfly Mapranipo 
SHaxoflHTBCH B Mcacax 0.08-0.40 

3. JJjioKcvm MapraHipo san.l Bi^pisHaexBca thm, mo fioro 
TepMoo6po6Ka npoBe^iena npn TCMnepaxypi 240-320°C b noBixp^HHiH aTMOc4>epi 
Ro oxpHMaHHs flHOKCHfly MapraHiflo 3 KOH^eHxpa^ieIO 94-96%. 3 OOTOHacHHM 
yxBOpeHHSM peHxreHo^asoBoi cyMimi y xa p ^as. 

5. 7I;hokcha Map^aH^K) san.l Bi^pisHaexbcfl xhm, mo miJiBHicxt 
KaxoAHoi' MacH Ha Horo ocHOBi cxaHOBHxt 2,7-2,9 r/cM^. 

6. J^HOKCHfl Mapranmo 3an.lBiflpi3HaexBCH xhm, mo npn nepBmraoMy 
pospflfli Kaxofly na lioro ochobI b nesoOTOMy 3neKxpoiiixi pospa^Ha cmhIcxb 
CKJia^^ae p,o 270 mAt/t. b pospaxynxy na ahokch^ MapraHHio 

7. ^^HOKCHfl Mapranmo san.lBiflpisHHexfcca thm, mo npH ^HKJIyBaHHi 
Kaxofly Ha fioro ochobi b HCBOAHOMy ejicKxpojiixi po3pflflHa CMHicxt CKnaflae flo 170 

^^^:^o3paxyHKy na ^hokha Mapranmo. 




feKTop mi "Enepl" 




<y^^^^— ^. C. KoBajienKO 



T.B.nacxymKiH 



Pe4)epaT 

^OKcim Mapraamo ajm JimesHx fl^cepeji cxpyMy. 

BHHaxia Hajie^HTB m xiMinrncc A^epeji cipyMy i uome 6yTH BHKopHcxaHHH 
npH BHpo6HH^TBi jiixieBHx aKyMyjMTopiB. 

CyxB BHHaxofly: ahokch^ Mapranmo oxpHMyioTi. mjMxoM OKHCJieniM 
Hixpaxy Mapranmo xjiopaxoM naTpiio b cepe^tosnmi sothoi khcjioth npn 
HarpiBaHHi 3 HaciynnHM BiflOKpeMJieHHaM bIa peaK^HHoi cyMimi i 
TepMoo6opo6KOio. 

KoH^eHTpa^iIo asoTHoi khchoth b ^po^eci CHHTesy SMimoiOTb sip, 38-44% 
Ha noHaxKy cimxesy 23-26% b Kiniri cHHxesy. Hacnnna Bara ^HOKCH^^y 
Mapranmo flopiBHioe 2,5-2,9 KrW 3 mxerpajitHHM posno^ijioM nacxoK no 
posMipyBinxepBajii bIa 1- 3 flo 60-70mkm., MacoBa AOJiaMnOz - 94.0-96.0% 

TexniHHnn pesyjiBxax: ^i^BH^^yexI.CH sflaxnicxB aKXHBHoro Kaxo^Horo 
Maxepiajiy ^o miKJiyBanna b SBHHaHHHx yMOBax, mo me momjibbictb 
aacxocoByBaxH noro b Jiixiesnx aKyMyjiaxopax. 
lH.n.(|»-jiH, 6 3.n.4)-jiH, 2 xa6ji. 



